The behaviour of sound waves interacting with wedges has attracted interest from researchers in geophysics and non-destructive testing. We consider here the nearfield behaviour of Rayleigh waves incident on wedges and surface-breaking defects which propagate at an angle to the surface, such as rolling contact fatigue on rails. It has been shown that, for a detection point on the edge of the crack tip, a very large signal enhancement is observed for shallow angles. We explain this behaviour through considering the effect of the defect geometry, with changes in the frequency·thickness product leading to mode-conversion of the incident Rayleigh wave.
In NDT, wedges have been studied to probe the properties of dispersive flexural wedge waves 6, 7 or as a simplified model of an angled surface-breaking defect 2 ; rolling contact fatigue on rails propagates at an angle of around 25
• to the sample surface, and the branching of stress corrosion cracking in pipes could lead to wedge-type defect regions. Rayleigh waves are a good probe of surface-breaking defects 8, 9 and the far-field transmission coefficient varies with depth and angle to the surface 10, 11 .
In the near-field, enhancement of the Rayleigh wave in the vicinity of a surface-breaking defect has drawn a lot of recent interest [12] [13] [14] [15] [16] [17] . To quantify this enhancement the signal amplitude in a windowed region around the Rayleigh wave arrival time is measured, and the maximum amplitude compared to that of the incident Rayleigh wave. For a detection point close to a slot machined normal to the surface, enhancement has been shown to be due to constructive interference of the incident Rayleigh wave with reflected and mode-converted waves. For angled defects, it has been shown that the enhancement has a large angle dependence, with enhancements of over 40 times the incident signal observed in finite element simulations for the out-of-plane displacement for shallow angles 12 . This large enhancement will have implications to 'fingerprinting' the presence of a defect in NDT, while the very large out-of-plane tip displacement may need to be considered for earthquakes near ocean wedges.
In this paper we consider the near-field behaviour for Rayleigh waves incident on wedges or angled surface-breaking defects, and use consideration of the changing frequency·thickness product to explain the signal enhancement.
The behaviour of ultrasound in the near-and far-field of angled defects and wedges has been investigated using laser ultrasound experiments and finite element method (FEM) To image the behaviour of Rayleigh waves incident on a wedge B-scans have been produced from experimental and model data, with signal amplitude shown by the greyscale (a near-field example is shown in fig. 1 ). The far-field behaviour of seismic waves scattered from ocean wedge tips has been studied extensively in references [3] [4] [5] 20 . These papers consider an incident Rayleigh wave which is reflected and transmitted at the tip and/or mode converted into shear and longitudinal wavemodes propagating into the bulk of the wedge. Cooper The arrival time of the surface waves can be calculated by splitting the wedge or defect into N sections, each of width ∆x (shown in fig. 3(c) ) with the thickness varying from the maximum thickness to zero 21 . The travel time for a propagation distance of l = N ∆x is When a Rayleigh wave is incident on a wedge-like defect the changing frequency·thickness leads to a splitting into A0 and S0-like modes. These modes have an arrival time which depends on frequency, and hence for a broadband incident pulse a spreading of the wave is observed. For a defect oriented normal to the sample surface, constructive interference of the incident and reflected Rayleigh waves and the mode converted surface skimming longitudinal leads to a larger signal enhancement in the in-plane than the out-of-plane signal 16 . For a wedge or angled defect the interference of the Lamb-wave-like modes will also lead to signal enhancement, with the focussing of the wave energy into the wedge tip giving a very large enhancement for shallow angles. The magnitude will depend on the component of the wave motion measured (in-plane or out-of-plane), and we must consider the displacement profile of the waves at the surface of the wedge. From reference 25 , the S0 mode tends towards large in-plane and small out-of-plane displacement for low f · d, whereas the A0 has a larger
